The promising role of landscape ecology in dealing with change
As the authors of previous chapters have discussed, more than 30 years of forest landscape ecology research has led to the development of a body of essential knowledge, theory, research methods, and tools that have improved our understanding of forest landscapes and management of these landscapes. We know much more today than we knew even in the recent past about how forest landscapes are spatially structured, how their structure interacts with physical and biological processes, and how patterns and functions are affected by many drivers of change. In addition, we now have access to an extraordinary array of tools for collecting, analyzing, integrating, and drawing inferences from large spatial and temporal data sets. Both our existing knowledge and these new tools are improving our ability to plan and implement sound forest management practices and to prepare ourselves to face global changes. But are we ready yet?
Are we ready yet?
Population growth, climate change, land-use change, changes in management paradigms, and changes in management processes, among other proximate and ultimate drivers and processes of change, are creating increasing pressure on forest landscapes, which are already vulnerable or degraded in many parts of the world, thus creating additional stresses and threatening the provision of ecosystem services. Landscape ecology now has a much higher capability to inform management and decision-making in a context of change than ever before, and can play a decisive role in mitigating or reversing ongoing degradation processes, thereby permitting sustainable or more sustainable provision of ecosystem services.
In spite of the enormous advances in landscape ecology, this field of research is still developing and maturing rapidly (Wu 2013 ) and the challenges facing this field of study are many. Questions such as "how much do we really know about change and its effects on landscapes?" or "how prepared are we to deal with such change in practice?" are not just legitimate; on the contrary, they are essential to ask, and the answers will define the future direction of landscape ecology and how we evaluate the role of this field from the perspective of practical applications.
How much do we really know?
The question of what we know and how well we know it is not just an epistemological question, in the sense of how much we are theoretically able to know about any topic, but rather is a pragmatic question whose answer constrains our ability to deal with real-world landscape change situations based on existing knowledge. Forest landscape ecology has advanced in many fields, thereby improving both the availability and the certainty of knowledge ( Fig. 10.1 , top left), but there are recognized knowledge gaps ( Fig. 10.1, top right) . Climate change and its effects on populations, ecosystems, and landscapes provide an increasingly important example. The process of climate change is not fully understood in terms of its causes, the underlying mechanisms, and the likely outcomes. In addition, research on the ecological effects of climate change
has not yet provided sufficient information on basic physiological, biological, and ecological attributes of species that would let us address the impacts of climate change on biological diversity. Iverson et al. (2014) discuss this in Chapter 2 of this book. Since research in this field relies heavily on modeling, the uncertainty of in the knowledge leads to high uncertainties in model predictions. Considering the large number of species and interactions in ecosystems and landscapes, gathering enough knowledge about these attributes seems difficult to accomplish within a reasonable timeframe, particularly considering that a large proportion of the known species are currently threatened and that many (perhaps most) existing species have not yet been identified. Land-use change provides another good example. The available models can predict many of the effects of such changes on landscape patterns and on some landscape processes, but knowledge gaps are known to exist. For example, we do not understand the known interactions between forest composition and forest structure sufficiently well to account for these interactions in our assessments of the effects of landscape change on wildfires. Rego and Silva (2014) discuss this in Chapter 3 of this book. More importantly, we lack a full understanding of the complex feedback loops among the drivers of change and their effects. Farinaci et al. (2014) discuss this in Chapter 4 of this book. Furthermore, the lack of knowledge of carbon distribution, temporal changes in this distribution, and the underlying regulatory mechanisms for many ecosystem components limits our understanding of carbon cycles. Chen et al. (2014) gained from a particular setting will apply to a different one. In addition, the complexity and natural variability of land systems makes it very difficult to distinguish uncertainty in our knowledge from the uncertainty that is inherently associated with the behavior of complex systems. This may be more evident in modeling, where variability of the system and uncertainty of model predictions are intermixed. The level of certainty of current knowledge is therefore often low ( Fig. 10.1 , bottom left). The fact that landscape ecology has not been able to produce scientific theories or laws that offer universal predictive power, like in many other fields of ecology, may not arise solely from our philosophical perspectives on ecological systems; rather, it may be at least in part due to the complexity and variability of the systems that we study and the lack of sufficient knowledge about how to apply our knowledge at a broader level, to different systems and scales.
The most striking knowledge challenge, however, is that we don't yet know what questions we have not yet identified and tried to answer ( Fig. 10 .1, bottom right). As science progresses and our knowledge grows, revealing what was previously unknown simultaneously creates the need for more knowledge to answer questions we had not formerly known existed, thereby revealing new gaps that become target areas for new research. These gaps are not known until a field evolves sufficiently to reveal their existence; therefore, they cannot be predicted. Although we don't currently know how much we don't know, it is reasonable to predict that there is, and will continue to be, unknown knowledge that may be critical for some future application.
Are we prepared to deal with change in practice?
Our preparation to deal with change in practice relies only in part on existing knowledge in landscape ecology and related scientific fields. It is mostly a function of the perceptions and willingness of society, as a whole, and particularly the economic and decision-making agents, to recognize change and the need to act in order to prevent or mitigate its negative consequences. In addition, we may be missing opportunities to harness the incredible energy of natural processes as a tool for coping with change. To answer the question about our preparation, we must consider landscape ecology as a scientific field separately from forest management at landscape and other levels, in the context of social and economic needs.
Forest landscape ecology
Although Wu and Hobbs (2002) identified "causes, processes, and consequences of land use and land cover change" as the second-most-important research topic in their "top 10 list for landscape ecology in the 21st century", no other change-related issues were identified by the landscape ecology community at the turn of the century as particularly relevant for the near future. The term "climate change" was used in only 
Forest landscape management
With the exception of climate change, all processes that are responsible for landscape change are driven by socioeconomic factors such as population growth or infrastructure development. Dealing with change in these cases mainly focuses on economics (both macro-and microeconomics), policy development, planning, and other fields that operate at scales above the landscape-often at global scales-and that focus on much more complex socioecological systems that combine aspects of human and natural systems. et al. 2014 ) of this book for more details. In addition, the computational, logistics, and other tools that are currently available can be applied in managing forests that are being affected by processes of change, whether that change is physical, socioeconomic, or both simultaneously.
Barriers that arise from the interaction between science and society
Synthesizing these observations about the science and social contexts of landscape ecology reveals that, at the management level, preparation for change relies strongly on organizational or institutional culture, policy (national and local, public and private), planning, and knowledge transfer. The real degree and extent of the implementation of forest landscape management approaches that currently account for change is not fully known, since available examples of management that have been reported are usually restricted to the public sector in few areas of the world, and even in these cases, the information is sparse. Accounting for change is limited to a few cases, most of which are government-driven and in developed countries. Climate change in particular, although seen by the public and now governments as a major driver of change and a threat in many ways, has not significantly affected how forests and other land-use categories are managed. At the corporate and business management levels, the extent of plans to adapt management processes in response to climate change and other sources of change is unknown, but is probably low.
At an institutional level, barriers exist that slow the incorporation of adaptation to change into management policies. This slowness results from several circumstances, including the following:
-Lack of awareness of change and its consequences.
-Lack of management principles and methods that account for change and its effects.
-Inertia, leading to an unwillingness to change how things are done in response to new challenges and processes.
-Insufficient conceptual and technical preparation of individuals to deal with change.
-Insufficient incentives from governments, markets, and others to account for change in planning.
-Minimal pressure from the public.
Some of these barriers are related to issues at a societal level, such as a lack of awareness and pressure from the public. Others are related to companies and government organizations that prevent or slow down the incorporation of change in their management activities. A particular group of barriers relates to insufficient development of an awareness of change, from scientific and management points of view, in academia, and, consequently, poor preparation of graduates to help institutions in areas that are being or will be affected by change, such as forestry.
What are the next steps?
From what we have discussed so far, limitations and barriers exist for both the sciences of landscape ecology and forest management and their practice at the landscape level. However, these obstacles also represent opportunities for landscape ecology and for society, and they are essential for helping us to define future directions for research and development.
Emerging fields and new directions in research and management
New fields within or related to landscape ecology that are under development will strongly benefit forest landscape ecology, particularly in terms of building up our knowledge and providing new tools to deal with change.
One of the fastest growing fields is landscape genetics. This field involves studying the interactions among landscape composition, configuration, and matrix quality in terms of evolutionary processes such as gene flow, genetic drift, and selection (Manel et al. 2003 , Storfer et al. 2007 ). Spatially explicit data and spatial analysis tools are used to detect genetic patterns and to test their relationships with landscape patterns.
The importance of the discipline, in a context of change, is very high. Many of the genetic patterns that have been analyzed using a landscape genetics approach resulted from changes in the landscape's structure, such as land-use change, forest fragmentation, intensification of forestry practices, and climate change. Changes in landscape structure therefore affect the genetic diversity patterns of populations and, often, the risk of extinction of these populations. Given the relevance of biodiversity in forest landscapes (see Chapter 7 of this book [Saura et al. 2014 ] for more details), landscape genetics will become a powerful approach for analyzing the effects of change processes on biodiversity (Manel and Holderegger 2013) . Similarly, landscape genetics can provide knowledge to support management and conservation measures at landscape and regional levels to help prevent or minimize extinctions and to contribute to sustainable forest management.
Another emerging field that has grown extraordinarily is the study of ecosystem In addition to the ecosystem services approach, new directions in landscape ecology aim at the integration of socioeconomic factors in a broader landscape perspective. This is of utmost importance for the science of landscape ecology because change is often driven and carried out by the socioeconomic side of the human-nature system, because human societies are suffering from most of the consequences of change, and because solutions must be found on the socioeconomic side. Advances in multidisciplinary, interdisciplinary, and even transdisciplinary research are part of the required research agenda for the coming century to help us better integrate insights from the social and natural sciences within landscape ecology. This integration has been, at least in some parts of the world, a distinctive element of landscape ecology research.
The promotion of interactions among scientists and with agents from fields outside the landscape ecology field of research, such as education, management, business, decisionmaking, and the public is, therefore, a priority.
The incorporation of change in management and planning at a broader (landscape) scale should be an essential goal of forestry in the 21 st century. Sustainable forestry has recently contributed to preventing or mitigating the negative effects of forest management on people, soils, water, wildlife, and the landscape, thereby preventing degradation of forest landscapes in response to a growing demand for forest products in many parts of the world. Forest management can also anticipate changes by investing in species, rotations, harvesting technologies, and other management options to improve the ability of forestry to adapt to new biophysical, business, and market conditions, for example, and by improving efficiency and increasing innovation in the forestry sector.
These are necessary directions for forest landscape management. On the other hand, the design and management of landscapes that will be resilient against climate change (Opdam et al. 2009 ) is another important goal of forest management and planning at a landscape level, particularly in terms of the effects of management on disturbance regimes and biological invasions.
Knowledge transfer
One aspect of forest landscape ecology that appears to have been overlooked by researchers is the transfer of knowledge to land managers and policymakers who practice landscape management. Although knowledge has been advanced steadily, energetically, and systematically by researchers, a noticeable gap has formed between the developers of knowledge and those who could apply that knowledge. This is a result of differences in educational backgrounds, focal scales, goals, and institutional cultures between landscape ecology researchers and forest managers (Turner et al. 2002) . This state was recognized and brought to the attention of forest landscape ecologists almost a decade ago, with the goal of creating awareness and encouraging attempts to bridge the knowledge gap (Perera et al. 2006) . Unfortunately, the topic of knowledge transfer has not gained much traction among researchers, and remains a lower priority in formal discussion forums such as at scientific conferences and in publications.
However, the focus on knowledge transfer is even more relevant now, and its importance is likely to increase. As we explore the challenges to forest landscape ecology applications in a changing world, knowledge transfer will play a primary role.
If a gap had formed between knowledge developers and practitioners who are consumers of that knowledge in the past, during a time when the context was less dynamic and more simple, imagine how this gap has widened in the present context of dynamic and complex changes, as has been discussed in the previous chapters of this book.
Here, we want to stress that forest landscape ecology researchers must actively engage in knowledge transfer, instead of passively expecting practitioners to seek out our knowledge. Many opportunities exist for us to do so. For example, we can aim to engage practitioners in a two-way dialogue from the outset of our research and to establish an ongoing feedback loop through practices such as adaptive management. We could reduce the time lag between detecting problems that affect practitioners and developing solutions through research by resorting to iterative options such as simulation modeling of scenarios. Fortunately, the task of transferring knowledge has become easier due to improved infrastructures: technological tools such as spatially explicit databases and analytical software and hardware, as well as skilled personnel who can use these tools, are now readily available to forest landscape managers.
There is another advantage of a dialogue between researchers and practitioners such as forest landscape managers: the benefit that researchers derive from the wisdom and experience of practitioners. This wealth of "expert knowledge", which is typically latent, can be now elicited and formulated quantitatively using advanced statistical techniques (Perera et al. 2012 ). Incorporating knowledge transfer as an essential component in forest landscape ecology research projects has an extra incentive:
researchers are increasingly encouraged, and sometimes even required, to demonstrate the applications of their proposed research both to advance science and to advance the application of that science.
4.Summary
Forest landscape ecology has gone through a period of rapid development since the 1980s, leading to the development of a sub-field of landscape ecology that deals with patterns, processes, and changes in forest landscapes and their close connection to forest management. Change has been part of landscape ecology from the beginning of the discipline, but its importance has recently grown due to increasing perception of new change processes, increasing and accelerating effects of processes that were already known, and interactions among different drivers and change processes, accompanied by a growing recognition of the state of degradation or vulnerability of forest landscapes around the world.
In this book, we have attempted to produce a synthesis of the most relevant topics within the study of changes in forest landscapes to provide readers with state-of-the-art information and to provide insights into how to apply the existing knowledge to prevent or mitigate problems related to change and to understand the limitations and challenges to the study of forest landscape change. Climate change is one of the relatively newly perceived drivers that is already affecting forest landscapes. However, its short-and long-term impacts on forest stands, on the landscape's composition, and on ecological processes are not yet fully understood, although we know they can significantly affect the distribution and functioning of these systems. Iverson et al. (2014) They are also affected by different drivers, such as climate change. Farinaci et al. (2014) discuss this in Chapter 4 of this book. Biodiversity, even more than other ecosystem and landscape components, has been affected by forest landscape changes of many different types and origins, and potentially in irreversible ways in some parts of the world.
Changes in the amount, quality, fragmentation, connectivity, and heterogeneity of forest habitats directly affect the forest ecosystem's ability to support populations, and have significant implications for ecosystem resilience and the provision of a large array of ecosystem services. Saura et al. (2014) discuss this in Chapter 7 of this book.
Past, current, and future landscape changes can be described, analyzed, assessed, monitored, and modeled in diverse ways. The development of a relevant theoretical framework and set of methods for studying change is an important legacy of landscape ecology. Gómez-Sanz et al. (2014) and forest management and planning should become a priority, and knowledge transfer is an essential but under-used element in developing strategies to help organizations learn to deal with change.
